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Abstract: Flood and through-tool delivering of cutting fluids have been widely used for the
machining operations. The use of a large amount of cutting fluid can impact the
environment and increase manufacturing costs, and possibly lead to ground contamination,
excess energy consumption, the need for wet chip disposal and potential health and safety
issues. Minimum Quantity Lubrication (MQL) machining involves the application of a
minute amount of oil-based lubricant to the machining process in an attempt to replace the
conventional flood coolant system. This paper presents a classification of MQL methods,
discussing their advantages and drawback. Also, the results of measurements of cutting
forces and surface roughness when machining one type of aluminum bronze using MQL,
are presented. As a medium for cooling and lubricating a system of oil-on-water was used.
The results show that the cutting force of less than 16%, and also parameters of surface
roughness, compared to machining without the use of coolant and lubricants.
Keywords: mql machining, oil-on-water droplet, aluminium bronze, cutting forces, surface
roughness.
1. INTRODUCTION
The basic functions of a metal working (cutting) fluid are to provide cooling and
lubrication and thus reducing the severity of the contact processes at the cutting
tool–chip and cutting tool–workpiece interfaces. A metal working fluid may
significantly affect the tribological conditions at these interfaces by changing the
contact temperature, normal and shear stresses and their distributions along the
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interfaces, the type and/or mechanism of tool wear, machined surface integrity and
machining residual stresses induced in the machined parts, etc. (Nourredine &
Shaikh 2012; Asthakov 2006). In some applications, it is expected that metal
working fluid should also provide secondary service actions, for example, washing of
the machined part or chip transportation in deep-hole drilling, in which the metal
working fluid transports the chip over significant distances (Braga et al 2002).
Although the significance of metal working fluids in machining is widely
recognised, cooling lubricants are often regarded as supporting media that are
necessary but not important. In many cases, the design or selection of the metal
working fluid supply system is based on the assumption that, the greater the
amount of lubricant used, the better the support for the cutting process. As a result,
the machining zone is often flooded with metal working fluid without taking into
account the requirements and specifics of an operation (Ashtakov 2009).
According to the manufacturing statistics shown in Fig. 1. the total cost for
acquiring, maintaining and disposing of coolants represents between 8% to 20%
(approximatelly 15%) of total production cost depending on the workpiece, the
production structure and the production location (Weinert et al 2004). In contrast,
tooling cost is within single digits (usually about 4%). Cost, as well as health and
environmental issues, mandate manufacturing enterprises to drastically reduce
coolant consumption and, if possible, eliminate it altogether. As a result, these
trends tend to two more economically and environmentally friendly conceptions of
machining, termed, dry machining and MQL machining or near-dry machining.
Figure 1. Distribution of manufacturing costs for wet machining
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Ecological and health aspects of metalworking fluids’ manufacture, use and disposal
have become very important due to new stricter legislation, notably in Europe
(Ashtakov 2009). In the European Union, metal working fluids and lubricants are
included in the voluntary Eco-label initiative, which is dedicated to stimulating the
supply and demand of products with reduced environmental impact. The number
of country specific standards for environmental labeling of metalworking fluids and
other chemicals is ever increasing, including Blue Angel certification in Germany,
the SS 155434 standard in Sweden, and VAMIL regulation in The Netherlands. In
the UK, the Health and Safety Executive is developing more stringent mandatory
workplace exposure limits to airborne mist from metalworking fluids.
It is estimated that metal working fluid consumption is more than 100 million
gallons per year in the USA (Feng & Hattori 2000). A typical large automobile
metal processing facility utilizes more than 2.28 million litres of metal working fluid
concentrates per year and more than 1.14 million litres of straight oil per year. In
Germany, coolant consumption is about 75.500 tons a year (Klocke & Eisenblaetter
1997). In Japan, metal working fluid consumption is 100,000 kilolitres of water-
immiscible (disposal cost ¥35–50 per litre), 50,000 kilolitres of water-soluble
coolant without chlorine (disposal cost ¥300 per litre) and 10,000 kilolitres of
water-soluble coolant with chlorine (disposal cost ¥2250 per litre) (Feng & Hattori
2000).
According to the National Institute for Occupational Safety and Health (NIOSH),
over 1 million workers in the USA are exposed to metal working fluids (Ashtakov
2009). Machinists, machinery mechanics, metalworkers and other machine
operators and setters have the greatest contact with these fluids. However, workers
performing assembly operations can also be exposed if metal working fluids remain
on the machined product. Workers other than machinists may also be exposed to
metal working fluid mists if ventilation systems are poorly designed or inadequate.
Workers may be exposed by skin contact, inhaling (breathing in), or ingesting
(swallowing) particles, mists and aerosols.
There are several principal ways to reduce ecological, economical and health impacts
of metal working fluids:
 Balanced selection of metal working fluids,
 Proper application of metal working fluids,
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 Meticulous management of metal working fluids, and
 Gradual reduction of metal working fluids usage by increasing the use of MQL
machining (or near-dry) and dry machining. At present, many efforts are being
undertaken to develop advanced machining processes using less or no metal
working fluids.
2. MQL MACHINING
Minimal quantity lubrication (MQL)
machining, also known as near-dry
machining (NDM), supplies very small
quantities of lubricant to the machining
zone. It was developed as an alternative
to flood and internal high-pressure
coolant supply to reduce metal working
fluids consumption.
In MQL machining, the cooling media is
supplied as a mixture of air and an oil in
the form of an aerosol (often referred to as
the mist). An aerosol is a gaseous
suspension (hanging) into air of solid or
liquid particles. In MQL machining,
aerosols are oil droplets dispersed in a jet
of air. An idealized picture of MQL
machining is shown in Fig. 2: small oil
droplets carried by the air fly directly to
the tool working zone, providing the
needed cooling and lubricating actions (note: Scale of oil droplet size and drill's
dimension are different).
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Aerosols are generated using a process called atomization, which is the conversion of
bulk liquid into a spray or mist (i.e., collection of tiny droplets), often by passing
the liquid through a nozzle. An atomizer is an atomization apparatus; carburetors,
airbrushes, misters, and spray bottles are only a few examples of the atomizers used
ubiquitously. Despite the name, it does not usually imply that the particles are
reduced to atomic sizes. Rather, droplets of 1–5 μm are generated. Because metal
working fluid cannot be seen in the working zone, and because the chips look and
feel dry, this application of minimum-quantity lubricant is called near-dry
machining.
An atomizer is an ejector in which the energy of compressed gas, usually air taken
from the plant supply, is used to atomize oil. Oil is then conveyed by the air in a
low-pressure distribution system to the machining zone. The principle of the
atomizer is shown in Fig. 3. As the compressed air flows through the Venturi path,
the narrow throat around the discharge nozzle creates a Venturi effect in the mixing
chamber, i.e., a zone where the static pressure is below the atmospheric pressure
(often referred to as a partial vacuum). This partial vacuum draws the oil up from
the oil reservoir where the oil is maintained under a constant hydraulic head. The
air rushing through the mixing chamber atomizes the oil stream into an aerosol of
micron-sized particles.
2.1. Classification of MQL machining by aerosol supply
Both, in literature and in practice, there is
no accepted classifications of MQL
machining so it is very difficult for a
practical engineer or plant manager to
make the proper choice about the regimes
of MQL machining and equipment
needed. The first level of MQL
classification includes a way by which
aerosol is supplied into the machining
zone: a) MQL with external aerosol supply
(the aerosol is supplied by an external
nozzle placed in the machine similar to a
nozzle for flood metal working fluid
supply), and b) MQL with internal
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(through-tool) aerosol supply (the aerosol is supplied through the tool similar to the
high-pressure method of internal metal working fluids supply).
There are two options in MQL with external aerosol supply, which are shown in
Fig. 4:
 MQL with an ejector nozzle. The oil and the compressed air are supplied to the
ejector nozzle and the aerosol is formed just after the nozzle, as shown in Fig.4.a.
 MQL with a conventional nozzle. The aerosol is prepared in an external atomizer
and then supplied to a conventional nozzle, as shown in Fig.4.b. The nozzle
deign is similar to that used in flood MWF supply.
As the name implies, MQL with internal aerosol supply includes internal passages
for aerosol supply. There are two options:
 MQL with an external atomizer. The aerosol is prepared in an external atomizer
and than supplied trough the spindle and internal channels made in tool.
 MQL with an internal atomizer located in the spindle of the machine. This is a
more attractive concept: to mix the air and oil as close as possible to the tool in a
well-designed mixing chamber.
2.2. Classification of MQL machining by aerosol composition
Generally speaking, there are two groups of MQL machining with respect of aerosol
composition. First group represents the aerosol as an air–oil mixture. The discharge
of the oil in this mixture is selected to be in the range 30–600 ml/h depending upon
the design of the MQL system, the nature of the machining operation, the work
material and many other factors. Second group represents so called advanced MQL
system uses aerosol that includes not only oil but also some other components.
There are two examples of advanced MQL systems: oil on water droplet and
advanced minimum quantity cooling lubrication machining (MQCL machining).
Oil on water droplet MQL includes the supply of water droplets covered with a thin
oil film (Yoshimura et al 2006; Itoigawa et al 2006). As claimed by its authors, this
method possesses both great cooling and lubricating abilities. The former is due to
water properties (high specific heat capacity, density and thermal conductivity
compared to air) and its evaporation. The latter is due to the specific droplet
configuration.
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MQL based on the concept of oil on water droplet is shown in Fig. 5, which shows
an ideal oil on water droplet moving towards a hot surface. When the droplet
reaches the tool or hot workpiece surface, the lubricant oil spreads over the surface
in advance of water spreading. The water droplets are expected to perform three
tasks: carrying the lubricant, spreading the lubricant effectively over the surface due
to inertia and cooling the surface due to its high specific heat and evaporation. To
make this concept practical, i.e., to generate oil on water droplets, a specially
designed discharge nozzle is needed.
Results of experimental studies are presented in the following section of this paper is
related specifically to the use of this MQL system.
3. EXPERIMENTAL WORK
During the last ten years, a lot of
research studies in area of MQL
machining has been performed.
Much of the results of various
studies available in the periodical
literature. For example, Tai et al,
2011, reported on lubricant
properties in MQL machining, than
Kalita & Malshe, 2010, reported on
nano lubricant in advanced MQL
machining, and Hiroshi, 2004,
made study on oil on water drop
cutting fluid.
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The experiments, which results are presented in this paper were conduc-ted at the
Laboratory for metal cutting and machine tools (LORAM) at Faculty of Mechanical
Engineering University of Zenica. Machining tests were carried out on a lathe.
Workpiece material is a kind of aluminum bronze tags Cu85.5Al10Fe2.5Mn2,
hardness of 150 HB. Machining tests were carried out by turning in two way:
without the use of metal working fluid, and by use of MQL machining (oil on
water droplet). Turning conditions were: cutting speed v=130 mpmin, depth of cut
d=1.5 mm, and feed f=0.16 mmprev. Experimental setup is shown in Fig. 6. MQL
machining conditions were as follows: the amount of oil 50 mlph, the amount of
water 50 mlph, and the pressure of compressed air p=2 bar. Vegetable
(biodegadable) rapeseed oil is used. By using appropriate measuring equipment,
cutting forces are measured (dynamometer KISTLER 5070) and also surface
roughness parameters are measured (Perthometer M1). Table 1 shows the results of
measuring cutting forces and surface roughness parameters. Corresponding
graphical interpretation of these results are given in Fig. 7 and Fig. 8.
Table 1. Results of measuring cutting forces and surface roughness parameters
Machining operation Cutting forces, N Surface roughness
parameter, mm
Fx Fy Fz Ra Rmax
Machining without the use of
metal working fluid
262 227 455 8.86 42.90
MQL machining (oil on water
droplet)
243 213 436 8.54 36.6
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4. CONCLUSION
When analyzing the results of measuring the cutting force can be drawn the
following conclusions. In MQL machining are measured less cutting force and that
all three components of the force. When calculating the total cutting forces based
on measured values of the components, the machining without the use of coolants
and lubricants gain force Ft = 572 N, and the oil on water droplet MQL machining
gain force Fr = 485 N. The obvious difference is, as much as 16%.
Also, when considering the measured values of the surface roughness parameters, it
is seen that the lower values measured in MQL machining. Therefore, a better
quality of the machined surface is achieved by the MQL machining.
Finally, as a general conclusion, it can be conclude the following:
 Application of MQL machining is much more acceptable from an environmental
standpoint because the processing used vegetable oil that does not pollute the
environment,
 The amount of oil used is many times smaller than for the classical treatment
with heavy use of coolants and lubricants,
 Less cutting force by 16% for MQL processing actually mean less power
consumption which is very important in terms of energy savings (sustainability),
and
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 Better quality of the machined surface is achieved by the MQL machining in
comparison with machining without metal working fluid.
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